Abstract: Types and the number of stomata in the following Arum species: Arum italicum Mill., Arum maculatum var. maculatum L. and Arum maculatum var. immaculatum L., Arum alpinum var. pannonicum Terpo. and Arum alpinum var. intermedium Schur. in three different locations in Zablaće, Normanci and Bilje were investigated. The most prevalent stomata type at both upper and lower epidermis for each Arum species was mostly stomata type paracytic, followed by hexacytic, tetracytic or brachyparacytic as far as locality is concerned. Helicocytic type was more prevalent in Arum alpinum var. pannonicum Terpo. and Arum alpinum var. intermedium Schur. at Bilje. Other stomata types were very rare. A striking regularity in the occurrence of stomata types was not found within a single species. Some stomata types, however, were found either at adaxial or abaxial epidermis or were not present at all. The number of stomata per square mm varied from 25 to 651. A statistically significant difference in the number of stomata per square mm at upper and lower epidermis among Arum species was determined in locations Zablaće and Normanci, whereas no statistically significant differences were found in location Bilje.
Introduction
classify stomata according to their number and the shape of subsidiary cells (anisocytic, anomocytic, brachyparacytic, helicocytic, hemiparacytic, hexacytic, paracytic, staurocytic, tetracytic, and hemidiacytic). The helicocytic stomata type is surrounded by four or more subsidiary cells, which have, according to Payn (1970) spiral thickenings and can be found in Brassicaceae, Crasulaceae and Begoniaceae families. Van Cotthem (1970) described the hexacytic stomata type as the one whose guard cells are surrounded with four subsidiary cells. According to Van Cotthem (1970) , the paracytic type is surrounded by two guard cells. A cell can consist of one or more vertical elongated subsidiary cells parallel to stoma with longer axis. Thestaurocytic stomata type was introduced by Van Cotthem (1970) who defined it as 3-5 equal subsidiary cells surrounding the stoma, that have subsidiary cell walls differently oriented with regard to pores. In the tetracytic type, guard cells are surrounded with four subsidiary cells; two lateral and two terminal ones. This stomata type is found in most monocotyledons (Metcalfe 1961) . Stomata can also be classified according to their development. Florin (1958) distinguishes the perigenous type if there is no common origin of guard and subsidiary cells. The adult stage of this type is also called haplocheilic. The investigations of Arum species were performed by Bedalov (1981) , Bedalov & Hesse (1989) , Bedalov & Drenkovski (1997) and Bedalov et al. (1993) .
The aim of this paper was to determine which was the prevalent stomata type at all locations; secondly, to determine whether Arum species can be differentiated according to the type of stomata and to examine the effect of the habitat on the stomata types. Moreover, the aim was to find statistically significant differences in stomata types among the different species at the same locations and the same species at different locations too. In addition, the aim was to determine whether there were any differences regarding stomata types at upper and lower epidermis and which type was the most prevalent for Arum species. Furthermore, the aim was to determine the number of stomata per square mm at both upper and lower epidermis, and to determine any statistically significant difference in number of stomata among the different species belonging to the same location and among both the same and different species from different habitats.
Material and methods
The chosen locations differed in area, slightly in height above sea level, phytocenosis, and climatic conditions. Loess soil is typical for each location. The Zablaće area consisted of 3.30 ha, Normanci of 1661.18 ha, and Bilje consisted of 410 M. Sabo et al. (Rauš 1987) . The climatic conditions were mild and pluvial with warm summers and moderately cold winters. Precipitations were equally distributed and winter was the driest period. July was the warmest month with the mean monthly temperature of 21.1
• C, in contrast to January, which was the coldest with the mean air temperature of −1.2 • C. The mean annual temperature was 10.8 with the mean annual precipitation of 700 mm (data obtained from Croatian Forests, a company for managing forests and forest lands in Croatia).
The object of this research was stomata of five species of genusArum: Arum italicum Mill., Arum maculatum var. maculatum L., Arum maculatum var. immaculatum L., Arum alpinum var. pannonicum Terpo. and Arum alpinum var. intermedium Schur.
In locations Zablaće and Normanci the following three species were studied: -Arum italicum Mill.
In location Bilje the following two species were studied: -Arum alpinum var. pannonicum Terpo.
-Arum alpinum var. intermedium Schur.
Determination of stomata type
Determination was performed according to Metcalfe & Chalk (1979) . Stomata type was determined at ten leaves of each species. This was the same for the determination of stomata number. The leaves of each species at three leaf regions, basal, middle and top leaf part, at upper and lower epidermis, were taken. The upper and lower epidermises were peeled off, cut into short squares, using a fine forceps. Afterwards the samples were put through ethanol series and than stained by alcian blue and safranin. Finally the samples were mounted on microscope slides in glycerin jelly and covered by slips.
Determination of the number of stomata per mm 2 Stomata were counted randomly at 10 microscopic fields of vision of each mentioned region, from both upper and lower epidermis, in order to obtain the better mean number of stomata per square mm. Therefore, the results according to leaf regions were not present here. Subsequently the values were multiplied by a beforehand determined surface factor (F = 11.6977) and number of stomata were examined at a magnification of 400×. Surface factor was obtained by standard methods e.g. number of objective lens micrometer marks was multiplied by ten and divided by the number of ocular lens micrometer marks.
Statistical analyses
The results were tested with the t-test in order to determine statistically significant differences for the examined parameters among different Arum species within the same location and also among the same and different species belonging to the two different locations. The t-test was done by means of Microsoft Excel 7 and Origin 6.1, (P 0.05,0.01).
Results

Stomata types
Incidence of stomata types at upper and lower epidermis in Arum italicum Mill., Arum maculatum var. maculatum L., and Arum maculatum var. immaculatum L. in location Zablaće was shown in Table1. In this location the paracytic stomata type ( Fig. 1 ) was the most prevalent in each Arum species, at both adaxial and abaxial epidermis (Table 1) , followed by the hexacytic (Fig. 2 ) and the tetracytic ( the brachyparacytic type (Fig. 4) . The brachyparacytic type was mostly in the fourth place at upper epidermis, whereas at the lower one it was in the third place. Other stomata types, the staurocytic, the anisocytic, the heliocytic, the anomocytic, the hemiparacytic and the hemidiacytic, in this habitat had mostly less than 0.73 of stomata, both at upper and lower epidermis. Incidence of the stomata types at upper and lower epidermis in Arum italicum Mill., Arum maculatum var. maculatum, and var. immaculatum L. in location Normanci was shown in Table 2 . Here, the paracytic stomata type (Fig. 1) was also most prevalent in each Arum species at both upper and lower epidermis, except in Arum italicum L. This type was followed by the hexacytic (Fig. 2) and the brachyparacytic stomata type (Fig. 4, Table 1 ). According to frequency, the brachyparacytic stomata type in this location was in the third place (Fig. 3, Table 2 ), whereas the tetracytic stomata type was in the fourth place. Other types, from the staurocytic to the hemidiacytic, were present with less than of 0.60 stomata (Table 2, Figs 5-10). ).
Incidence of the stomata types at upper and lower epidermis in Arum alpinum var. pannonicum Terpo. and Arum alpinum var. intermedium Schur. in loca- tion Bilje was shown in Table 3 . As it was recorded in Zablaće and Normanci (Tables 1, 2) , the most prevalent stomata type in Bilje, at both upper and lower epidermis was the paracytic type ( Fig. 1) , except in Arum alpinum var. pannonicum Terpo. This type was also followed by the hexacytic (Fig. 2) and the brachyparacytic stomata type (Fig. 4) . The tetracytic stomata type was in the fourth place here. Other types, from the staurocytic to the hemidiacytic were represented with less than 0.35 stomata. Comparison of lower epidermis in Arum alpinum var. pannonicum Terpo. and Arum var. intermedium Schur. revealed that the latter had more paracytic ( Fig. 1 ) and brachyparacytic stomata type (Fig. 4) than Arum alpinum var. pannonicum Terpo. which had more hexacytic (Fig. 2) and tetracytic stomata type (Fig. 3) . Concerning upper epidermis of Arum species from each three locations (Zablaće, Normanci and Bilje) species had predominantly paracytic type (Fig. 1) , followed by the hexacytic (Fig. 2) and both tetracytic and brachyparacytic stomata type (Figs 3, 4) , whereas lower epidermis had also predominantly paracytic stomata type (Fig. 1) , followed by the hexacytic (Fig. 2) , the brachyparacytic (Fig. 4) or the tetracytic types (Fig. 3) . Other stomata types, from the staurocytic to the hemidiacytic, (Figs 6 to 10) were rather unequally distributed in each Arum species regardless of the location (Tables 1-3) .
With regard to this part of results obtained, it can be concluded that differences among locations exist in sequence of the stomata types (the tertacytic type in Zablaće and the brachyparacytic in Normanci and Bilje). Also, these observations suggest more frequency distribution of stomata type at lower epidermis, but of same stomata type, in contrast to upper ones.
Number of stomata per square mm
Mean number of stomata per mm 2 at upper and lower epidermis in Arum species (t-test) in Zablaće and Nor- manci is shown in Table 4 . Statistically significant differences between the number of stomata per mm 2 at upper epidermis in Arum species in Zablaće and Normanci were not found at all (Table 4) . However, statistically significant differences were determined in the number of stomata per mm 2 at lower epidermis between Arum italicum Mill. at location Zablaće (235.00 stomata/mm 2 ) and location Normanci (651.00 stomata/mm 2 ) (Table 4) . With regard to the number of stomata per square mm at lower epidermis statistically significant differences were found between Arum italicum Mill. at locatin Zablaće (235.00 stomata/mm 2 ) and Arum maculatum var. immaculatum L. in location Normanci (403.00 stomata/mm 2 ); between Arum maculatum var. maculatum L. in location Zablaće (196.00 stomata/mm 2 ) and Arum italicum Mill. in location Normanci (651.00 stomata/mm 2 ); between Arum maculatum var. maculatum L. in location Zablaće (196.00 stomata/mm 2 ) and Arum maculatum var. immaculatum L. in location Normanci (403.00 stomata/mm 2 ) and finally between Arum maculatum var. immaculatum L. in location Zablaće (290.00 stomata/mm 2 ) and Arum italicum Mill. in location Normanci (651.00 stomata/mm 2 ) (Table 4) . However, the mean number of stomata per square mm at lower epidermis of all Arum species in locations Zablaće and Normanci was greater for all the species in Normanci (453.00 stomata/mm 2 ) than in Zablaće (240.3 stomata/mm 2 ) ( Table 4 ). The t-test did not reveal any statistically significant differences in the number of stomata per square mm among Arum species in location Zablaće (Table 4) and Bilje (Table 5) . However, statistically significant differences were found in the number of stomata per square mm in location Normanci and Bilje (Table 5). Statistically significant difference of p < 0.05 was found in the number of stomata per square mm at lower epidermis in location Normanci between Arum italicum Mill. (651.00 stomata/mm 2 ) and Arum maculatum var. maculatum L. (305.00 stomata/mm 2 ) and between Arum italicum Mill. (651.00 stomata/mm 2 ) (Table 5) .
With regard to this part of the results, e.g. of number of stomata, it can be concluded that the number of stomata per square mm varied from 25 to 651. Statistically significant differences in this property at upper and lower epidermis among Arum species were determined in locations Zablaće and Normanci, whereas no statistically significant differences were found in location Bilje.
Discussion
The results of this research indicated that the most prevalent type of stomata in the leaves of the Arum species were the paracytic. This is in accordance with Pant et al. (1966) who claimed that the paracytic and the tetracytic are prevalent stomata types in the family Araceae, followed by the hexacytic, the tetracytic or the brachyparacytic at each location (Tables 1-3 ). The hexacytic, as well as the tetracytic and the brachyparacytic were more prevalent at upper epidermis than at lower epidermis. The hlicocytic stomata type is more prevalent in Arum alpinum var. pannonicum Terpo. and Arum alpinum var. intermedium Schur. in Bilje than in Arum italicum Mill., Arum maculatum var. maculatum L. and Arum maculatum var. immaculatum L. in Zablaće and Normanci. Other stomata types were rare and unevenly distributed at upper and lower epidermis in each examined species in each location. Takhtajan (1969) and Cronquist (1968) consider the mesoperigenous type of stomata as the most primitive in Angiosperm. The perigenous type of stomata is characteristic for Monocotyledons whereas the paracytic type is the most frequent in this plant group (Tomlinson 1974) . High number of subsidiary cells is also a primitive feature of stomata (Stebbnis & Khush 1961) . Guard cells of these Arum species were elongated. In some species guard cells are obtuse, pointed, amputated or rounded. Morphology of guard cells is characteristic of species (Solereder & Meyer 1930) . Such cells are different from other epidermal cells due to shortage of their ergastic formations (Weber 1959) . The mean number of stomata at upper epidermis of each species in Zablaće amounted 32 stomata/mm 2 , in contrast to 240.3 stomata/mm 2 found at lower epidermis. Furthermore, the mean number of stomata at upper epidermis in Normanci was 31.5 stomata/mm 2 and 453 stomata/mm 2 at lower epidermis. The values for upper epidermis were approximately equal in both locations, whereas the number of stomata at lower epidermis differed considerably (Table 4). Comparison of the same and different species in Zablaće and Normanci revealed statistically significant differences in the number of stomata per square mm at upper and lower epidermis between Arum italicum Mill. and Arum maculatum var. immaculatum and var. maculatum L. at lower epidermis and among Arum maculatum var. maculatum and var. immaculatum L. and Arum italicum Mill. at upper epidermis (Table 4) . In Zablaće, in Arum italicum Mill. were recorded at upper epidermis 26.40 stomata/mm 2 and in Arum maculatum var. maculatum L. 36.50 stomata/mm 2 . At the same time, Arum italicum Mill. in Normanci had 24.90 stomata/mm 2 and Arum maculatum var. maculatum L. 31.70 stomata/mm 2 , at upper epidermis. These results indicate that Arum italicum Mill. has a larger number of stomata at upper epidermis than Arum maculatum var. maculatum L. in both locations. Furthermore, there were 235.00 stomata/mm 2 at lower epidermis in Arum italicum Mill. and 196.00 stomata/mm 2 in Arum maculatum var. maculatum L. in Zablaće, whereas in Normanci Arum italicum Mill. and Arum maculatum var. maculatum L. had 651.00 stomata/mm 2 and 305.00 stomata/mm 2 respectively (Table 4) . In other words, the number of stomata per mm 2 at lower epidermis in Arum maculatum var. L. maculatum was lower than in Arum italicum Mill. in both locations. However, Arum maculatum var. maculatum L. had a greater number of stomata per square mm at upper epidermis than Arum italicum Mill. in both locations. In comparison to Arum italicum Mill., Arum maculatum var. maculatum L. had a greater number of stomata per square mm at upper epidermis, but the number of stomata at lower epidermis in both locations was lower, which proved Sax's theory about a smaller number of stomata at lower epidermis in relation to upper ones (Sax 1938) . Comparison of the species in Zablaće and Bilje did not reveal statistically significant differences in the number of stomata per mm 2 . However, statistically significant differences were recorded in Normanci among lower epidermis in Arum italicum Mill. and Arum maculatum var. maculatum and immaculatum L. and between Arum italicum Mill. A statistically significant difference in the number of stomata per mm 2 between Arum alpinum var. pannonicum Terpo. and Arum alpinum var. intermedium Schur. was not found in Bilje (Table 5 ).
